Instrumental variables in epidemiological research: an assessment of the adoption rate and future trends From JARLE AARSTAD Faculty of Engineering, Bergen University College, Nygårdsgaten 112, In epidemiological research, the unavailability of possible confounders may lead to inconsistent estimates when a randomized experimental design is not feasible. A related challenge can be possible reverse causal orders between the dependent and the independent variables. This is a so-called endogeneity problem, which is well known in econometrics.
1 However, if possible confounders are unavailable, or we suspect reverse causal orders, the appropriate use of instrumental variables (IVs) can generate consistent estimates. IVs have the properties that they are correlated with the explanatory variables and uncorrelated with the error term. Figure 1 illustrates the relative use of the term 'instrumental variable*' in the title, the abstract or the keywords on manuscripts indexed in the Social Science Citation Index within the subject areas economics and epidemiology (i.e. public, environmental and occupational health). I deleted Economics and Human Biology from the analyses since the journal is indexed within both subject areas. We observe an increasing trend of published items applying the term in economics, reaching a relative frequency of 1.05% in 2010. In epidemiology, the term first appeared in 1988, and at least since the mid-1990s we may observe a modest increasing trend.
To take account of the parameters' trends, I model yearly change in the use of IVs in epidemiology, Áy t , as y t Ày tÀ1 (t is 1 year). I follow a similar procedure to model yearly change in economics, Áx t . I apply Áy t as dependent variable. Unreported analyses show that both Áy tÀ1 and Áy tÀ2 are partially correlated with Áy t , and I apply them as independent variables. Further unreported analyses show that among the parameters Áx t , Áx tÀ1 , Áx tÀ2 , Áx tÀ3 and Áx tÀ4 , only Áx tÀ2 has an effect on Áy t . Table 1 reports the results of Áy t regressed on Áy tÀ1 , Áy tÀ2 and Áx tÀ2 .
The negative results of Áy tÀ1 and Áy tÀ2 indicate that the adoption rate of IVs in epidemiology varies around its trend within a time window of 2 years. Said differently, previous adoptions in epidemiology have no effect on later adoptions. The effect of Áx tÀ2 is positive, which shows that a positive change in economics of a given year tends to have a positive effect on the change in epidemiology 2 years later. The variance inflation factors (VIFs) are low indicating no multi-collinearity problems. In an unreported model, I control for year trend, but this effect is low (Std. b ¼ 0.206; P ¼ 0.145) and the other parameters are substantially unchanged.
One possible explanation of Áx tÀ2 's positive effect can be that methodological developments take place in economics, which are applied in epidemiology Figure 1 The relative adoption of IVs in economics and epidemiology 2 years later. If this were the case, epidemiological studies would cite the corresponding studies in economics. I accordingly deleted from the data the epidemiological studies on IVs that were citing economics studies on IVs published 2 years earlier.
However, an unreported regression analysis in fact shows that the Áx tÀ2 parameter is stronger on the modified-dependent variable (Std. b ¼ 0.433; P ¼ 0.004), which rules out the suggested explanation. Since the use of IVs did not appear in epidemiology before 1988, I also ran an unreported regression analysis on the time-period 1988-2010, but the estimates did not deviate substantially from those reported in Table 1 .
Taken together, the findings indicate that the use of IVs in epidemiology is adopted from the use in economics with a time lag of 2 years. The relative use in economics seems to affect the awareness in epidemiology. However, this appears to reflect a general awareness rather than specific applications of recent methodological developments in economics, according to my data. The use of IVs in epidemiology has no effect at all on later adoption. An explanation can be that the adoption rate has to reach a certain threshold level to trigger a bandwagon effect, which is not (yet) the case in epidemiology. Figure 1 , furthermore, illustrates a positive trend in the use of IVs in economics, and assuming that this trend continues we should likewise assume an increasing trend in epidemiology beyond 2012. An implication of my findings and my argument is that the relatively low adoption rate of the use of IVs in epidemiology to date can be attributed to relatively low awareness of the methodology rather than to lack of applicability.
A small number of observations may question the validity of the findings, and the use of IVs in economics and epidemiology should be closely monitored in the coming years. It should also be noted that the adoption of novel practices may go beyond what is rational or reasonable, 2 and this can be a relevant topic to consider when evaluating the use of IVs in future epidemiological research.
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